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(54) SEMICONDUCTOR UGHT EMITTING DEVICE AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 

light emitting device and its manufacturing method by 

which a plurality of semiconductor light emitting 

elements having different wavelengths are provided to 

reduce the number of parts and simplify the structure of 14a ^ 



an optical system. 

SOLUTION: This semiconductor light emitting device is 
provided with a substrate 30 and at least two laminated 
bodies ST1 and ST2 as an epitaxial growth layer that is 
formed by piling up at least first conductivity type clad 
layers 32 and 37, active layers 33 and 38 and second 
conductivity type clad layers 34 and 39, and the 
respective laminated bodies are separated spatially with 




each other and the composition of the active layers 33 
and 38 is different in the respective laminated bodies. In 
addition, a plurality of light beams having different 
wavelengths are exited from the respective active layers 
in almost identical direction parallel to the substrate. 
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wo, 

n-$g©j?& £$$©*£ taw? •2>*^(*^^g„ 

wl<ov- m? zm*m 1 nmo^m^^m 
s. 

[fg*s5 ] Btria-&^ i igms!^ » fjh. ffit4Ji*5«t 
tan 2**^*5 * Kn©fflfiS*iB!iia§sjn*rars^ 
cc«tt*»«is i ia«8o^<*^^s. 

finals l ante £S& 2 t fc«:Btria»«©±e«: 

[M*h 8 ] gross***** i ^sa-c* <p . 
me* i «h<* t in 2 Butt* t fe ccuiass i mm.m t> 
v v FSfliiJ*>6«rsa»«<DJdB«:BiHL.t:^fiJE3n-c*j 

new i ww^jJiKitE»2M*feWBj*3 *vct» 

8W3JB2 «fillWBi'*» FJIIM*»6)R 

i ««s<tsnyc^js©m i g}H*©±jf ksui 
«; $ n-r n «j . mm i m&sut s nfcM«©m i an 

[fss<is i 1 1 stroasig#«g i guii-e* o . 
uroeift 2 sib Mew 1 mmitom 2 *«sui©± 
stc^ia;;* ft/cm 1 mmmmzftoxffi&m 1 fsnf*© 

±Jg left® 3 nt l, » £ tlWa® 9 !BDJ©¥^fr fSTt^S . 

mumi 2] iroa&uiBtt**. 
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nucni 2ia48©*«<*ife^fi. 
tigs*?* 1 4 3 friaSH^'J ? s^tteaisnt. 
AtriBai^^tK&w&s ?ntu €>ia*is 1 2 iaa©^ 

1* 1 ^<*^^T-£02^{*f6^- : F^^TS^ 
<*H#^g©*!;§:7j£-C& o T . 

1 igmUSii 1*77 F@. » 1 rS14S*J i caW2 

312 * 9 v FM£8M3ttfc)* 1 8WH**«fiW4HI 

£. 

% 1 *»«t«*JR^JI5Jd5««©SirE» 1 l» 

r . te©?ins©fria^ i anffsrH^-r sist . 

ii^liSif 3^7? FJB. S&2iS1*fe®*s«l;tf3r2ag 

^4i-7f F(i*a^$-a-/cm2S)i(*€:^-rs 
xmt. 

20 ^2^f*«^^®fiBJs8©mia^2aHft€:^U 

■c . momwo mt an 2 * »*r s 11 £ * m 
>pu < £ bmfiajfr 1 tgttn £^ 2 ste/g*. -en-e-tiii 
[n^ni 6] griami«tt®£ii2rstt@*. 

mnaSL \ 7) Miami ffitt®£m2rSttJi=£, st»K 

30 $mmm.c>mmi&* 

imm 1 8 ] me« 1 mmm 1 * 9 » fjb. » 1 is 

fflB*J«fca £ Sfl2j§S3!!8l2 »; Fli©ffi(«£> 1513^ 

^4^5,.^ K»©fflfiS;£%Sa6-H"C^fiS-r-58ll3j511 
5 f a$S©¥aS^*«g©8Si«;fr te. 

40 1 m&mm m^vvm. mi sttJifc «t o*m 2 egms 

S2?7-; FJi*«J13-tt3t» 1 «l#4JI5«t4Il 
£> 

<e< ttf l»^S3^77 FS, m2ffittii*5J:0' 
fiK-T5XS£. 

® 2 *»*«3e3R^»BJEiaJ«01»IBW 2 Wdf^cfcO-^ 

i sn#£ . m i ^m^ntm^mm^omszm 1 s 

JB»*»0-C. Biliam 1 SflH**J<fcU : 8iJia»2Wlif*€r 
50 K4fSxa£4*l/. 



(3) 



2000-244060 



s{tsn/c»i«ji(t<D±ji(c»jiifr*«*«i 9tBi£ 
[HI*H2 l ] iiiBmir£t4liim2r£ttli^:, ^ft^ 10 

[ 11*312 3 ] mriBis i mmmw m i rs 

14«fcJ:»W2««a!»2 *5 ^ FM4>fUK<!:. BJiBSff 
1»«E»3*S* FJi. »2ffitEfeJB*JcfeC«ff2«WBS 

g i m<D*m»§mmm<D$imj]'&. 20 

[000 1 ] 
[0002] 

[ce*©a«s] -awe, cd (a^^hf^^) , 

DVD {<FV>%)\'VF*7 : 4 *5l>ttMD (5 — 

* * ) ft ^©**tt«ciiWRtB»r 30 

(JBTF. *f^^4fc»TS) CClB®Sft/cfit*B<E>SS 
, *SC>«Cft6tc««©»Si&# (IB 
fik) «t5«B (JHT. 3tf^«Iit»TS) K 

[0 0 0 3 ] _blB<Dft :r -f * * ^B^*^ \*v#T v 7 

^i^Xf A) 3^SftS»^tCtt % «fi<DJ3&5U--1f:)l£ 
CD©ffi&i'tai7 8 0nmS© 
«fiCDU-1f3fc*, DVD©B4&i'«Ctt6 5 0 nmf 

[0 004] ±8B© J: 5 tcjfef* .< * * ©ffiSfcC J: o r u 
-1fit©iftS©R&StKiB^c*$l»T, WiKDVDffl© 

*?b*y ^T^SI^g^nn^o B2 5B, ±IB 
(DJ:5ftCDfflCDU-1f^^3j— KLD 1 (£B6ifcB7 
80nm) £DVDJB©U-tfj'-f*~FLD2 
•&S6 5 Onm) fcfflSttU C D i D V D<9#££pJfiB 

tc u /c» i wtmvk* 3 t: » * 7 * 

«ffi©»S£Hr«>-5. *¥f«; *7 v lOOtt, 



tc, fl»J*tf7 8 0 n m^(DiSg<Z)U-1f7fe^aia*-r^>^ 
ll/-f^^t-KLDl, ^U-f ^>^G, ®1 tf 
-A^'j»*BS 1, IT1 5 7-Ml. S!l*tttU'> 
XOLK 01VJ^U>XMLL *JcfcO\ 311?* 
Y¥4ir— KPD 1 3W*n-etiW3£©ffiBeclBKStifc 

?'£SB 1 0 OB, PR«6 5 0 n m«<Z>«SOU-1f* 
«:fflW-rSSr2 KLD 2, S2t-A^ 

^•J^BS2 I fff25^-M2, 82 

3W»U>XOL2. »2-?JU*U>XML2. fc<fc£>\ 
82:7* Y¥4*~ FPD23W-tn*ti»rSOffiB«:|B 
K 3 hfc D V D ffl**3fi 

[0 00 5] ±BB«JS£flWl6*fc: 9 ^7 9 100© 
CDffl**3fi«C*t»r. #1 U-tfdf-ftf- FLD 1* 
£©31 1 U-1fj6L 1 tt. ^U—^w >^G£iIi®U 
81 v*BS HCcfcoT— »K#S*l, 8 

1 5 5-Ml(Cj:g«H*JHflOT, 8l2t^U->XO 

*6©S«*«, »l*M»U>XOL 1. 
l*$<fcCX81 tr-A^^U ^BS 1 «r/M/T. 817 
WU>XML 1 8 1 V* KPD 

l±Cc&3fc<*n, C OjEamKOKf b«c J: 0 -r **D 
(DC DfflE«H±«:E»3n/cf»«©i!*ffl Urt*ttS ft 

[0 00 6] ±E«JSS©**t9^T9^«Bl 00© 
DVD«3t**{Ctol»tt, jjatHawc. »2 U-lf 
FLD2*»6©*2U-1f*L2tt, W2tT- 

ax^u 9^BS2tc«fc-7T— awawsft. ay^-> 

cailt, ^2 5 7-M2CCcfc^il5S^fflftUr, 
S2^U>XOL2tC^07fef r ^ X^D±CC^3n 

2, f257-M2, ay^-*C*$«fcCXW2tr-A^ 
7'V^BS2^Lt, ^2v;^P>XML2^1 
iiL, KI2?* h^-f FPD2±«c|S«l6Sn i CO 
SW36CE>aft«: cfc^Tfef'^^^DODV D ffliBlOTJzK: 

ia§i 3 n/cit$R(Dgs^ m i> *ft s n ^> . 

[0 0 0 7 ] ±E©**tf 9*79 ^SM 1 0 0 tcj:n 
tt. CDfflOU-- !f y-/*- KiDVDlOU-f^'f 
*-Fft««U. -tti^tlWfe^Jfit^rSCiT, c 
D i D V D©W^«roJffiCC 1*5. 

[0 0 0 8 ] */c, S2 6«, ±IBcDJ:^ftCDfficDU 
-W*-FLD1 (8*ttft7 8 0nm) iDVD 
ffl©U-1fy-f FLD2 (^S6 5 0nm) % 
fSScU CDiDVD©W^*?HBtcb/c»2Se*«'C 

m»0«fi©U— !f*«:lM*rS»l U— !fy-f *- F 
LDL yu-r^>^G^l t'-A^^'J^BS 



5 

^SSEl 0 ltt, m«6 5 0 nmSOififi©l/-fJ6 
*ffi»fTS»2 tf^tf- KLD 2, ^2t^AX 

J^U>XML2, »2?* KPD 

2 3&s*n* tiBfffi©tt«CC|3» £ titc DVD flBfc¥«€: 

DBS, 3"M-*C, 5^-M*$ctC«t«JU>^COL 

WUr^S/cfetC, CDfflHPfWRT^-^ + RttDV 

[0 0 0 9 ] ±IB»JSRGMK^f v 97 v 1 0 1 © 

CDfflmiC*Jl^, Wl U— !fy-f*- FLD 1* 
6<7)Jfn -If t£L ltt. ^U-f ^ >^G£ifcSU 

Slv;^u>XML l*ffl«U » i ? * f y-ftf- 
FP d i ±K:«#sft, costWficDKfbfcioaftf 5 -! 

coo i o] ±tmmo^vy9Tv7mmi o 1© 

#4*- FLD22p6<E>^2 U-tf:&L2«, M2\Z- 
9 *BS2fcioT— «HlfS*i. #-f*n-( 

^n-eniiisi^^ttswi/t, c D^nwgr^ 

^fR^Ut^^XOLHCAWf^ X^D 
>XOL, CDfflRIP*IIIRT^-^+R, 5 3 

J:^2t , -^7 , 'J^BS2^Lt, »2v;^ 
U>XML2*jl«U !S2:7* FPD2± 
It&ftSn, C<DJSS^C0^kCCcfc03fe7 r ^X^DCDD 

So 

[001 1 ] ±120316^ f v 97 v y'^m 1 0 HCcfctl 
tf, B2 5tc^T#^t?*7?:74SBl 0 OiHS 
CC, CDfflOU- *f HiDVDffl©!/- !f#-f 
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D <!; D V D©«£Sr"5JfiBtt: Ltt^. 
[0012] 

[0013] ±BBOfi£*C0**tr * *T * ^gCC*>^ 

io r, gfjp a D ^*^<, yt^m<omm^mimux^hm 

(^tt&U-tf^y*- FOWIi It, 02 7CcKItcSI3 
nSGaAslS3 0±(C nSGa 
AsM?77l31, nSA 1 GaAs^77 FJf 3 

2 , rSttH 33, pSAlGaAs^7'>FI34 ( p 
IGaAs^t ^135^ffllOt^c pSGaA 
s + 5 affile P^A IGaAs^7-;FI 

20 3 4©«*©*S*^*ft»^b3n/c««4 1 ift^t, 
«i3E»39fllJfit3tc-2)^ F5-f :7«rJgflELTC>£>. £/c, 
p MG a A s + 1 3 5 tC» p 114 2 n52G 

aA sSS3 0«Cttn»ffi4 3^g»lTMStltC» 

[0014] ±sa©«jfi© i — if Ffcte^r 

te, m«Ga A sS«±CCA 1 Ga I n PJfifctt*JMlI 

«snr loot/— »f«ijB*s^sns, as^fct, i 

n P *K±CC InGaAsP S*t*4#«» ^tlod) 

30 cci SU -if WJS^JB^SSn, ««5E 

[0015] $/t, 1328 CC^k*T J: 5 tt. fflifcfC0DT 
SI U-if^-r*- FLD 1 iS2U-f^^t- F L 
D2ftB-aa^Kff0iitp*tt^BH»Shrir^. tt 
Tttf, niGaAsli3 0±iC, nlGaAs^*^ 
7131, n^A lGaAs^7^FI32, y£14J!3 

3, pIAlGaAs^5?K134, plGaAs^ 
+ ?:7»3 5rt*»JlLTl>£. pSGaAs+t^l 
3 5ii^6pSA 1 GaAs FJf 3 4 <E>i£#<D 

40 S^t«|ft$n/cW4 1 i^ot, 

tteZZhzrj-JZJtmLX, mi \*-V94*- FL 
D lJWgflEStir^S. ~77. *2U— tf^*-FL 
D2 fc«SEI«0«JS*WOT*J?), S14J13 3' £>ffi 
JSKSII U— P¥4*~ FLD2<DiStti3 3MSi 

$6^C, pSGaAs*t?^JB3 5tCttpai4 2 
^, nSGaAsIfi3 0«CWnW64 3^«aLTf 

50 [0016] L*iLtt*i6, ±ie<Dflt3££>Jg 1 U-if ^ 



-ftf-FLD 1 tm2 U— WAX- FLD2-CK, M 

FtDVDffl©l--f?-/t- FiOTtffflf 

[0017] ^B^K±j$©^iH(cSE^TAj:$tx/cfc© 
■C*<3. -&©@KJtt. CD^DVDfc<t'©i&g©gft2> 

Slifa^^M^D bT#^©tt}fiX£fffi3£f t L- . g^Kffi 
[0018] 

laSSCCjfJfiXSti. 4>ft< ifc^l^liMi'v^ FJf . 

* ~> 1- )Vf&&m ■€$> i> PU < t <b 2 <!©»)!# t £W 

fc< <tfcf5ISSrStt@©ifafiX?> s PIBSSJl^-Ci:uK: 
fJIBSr£ttJl*^iFiBSffii^fnc|S|-©^ 

[0019] ilBC^^HJo^^^^Sl*. S1E± 
tc. ptt< tbmimwgLtvv KB, rStt/ltecfcCXm 
2jgmS!i'-7 9 FJf£f8M3#/cxfc"**^i*Jl'l£glI 
t?*34>&< tk2m(Dffi®ftt*mb. &r§ttH©*i 

e>*n-en?&g©j!i& s»$t©7fc£tbstr s c <t#pjfl& 

-ess. 

[0020] ±iB©2tJ^©^(*^^s«. tmic 
w. BiriBSrStt)i* 5 6-e-n-enS{S©^A«csjsis©u- 

IfftSrtbStrS. CD^DVDfti'CiSZfiCDS^S^f 
f A ©^S f-;?7 9 7*4£gft i' £ . SB an 

s&^mh ox yt&mommi mmt u sateen 

Tojggf /J^hte.fcWten^. |-t»SC <h#oJfi&& 

[oo2i] ±iB©*^©i)iijn*fi^«g«. mmx. 
«. BijiBStsttn©ffiBXtbitiiniHB§SJi($r t g-c5:i,Hc^ 

fc-S. ^SC^iWSCctt. M!B£i£ttJi#5mJfBg-SJi{* 
tt. BiIIBS^l^m^i'7^ Fl. r£ttlifccfcJ>'!B22S 

mm?? v F@©iffl^*5fiiasaii<*rBTcsi,Hc^^ 

Sr£ttJl#>effiW5ftS#©'$fi£*n^ftit&6 
[0 02 2 ] ±lE©*^©¥®f*^3t^gli. JffjfiK: 

w. strg2Sr§tt/i*>6-e-n-en<i^^©^^«.*?:ttj 
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&< £*>2H©»JI{*£WbTt,>£©-C, fls)^!*)©^ 

[0023] ±sz<D#§tw<Dmmimjtmm*. ternx. 

0 . mum 1 fflU & i ^ 2 SJJf i 4> tc mfg2S«©± 

io ib® i sgmi^ 7 s Fdfflij*> h m&&&(D±.m< l cmm o 

mwzm?z>wtfit?zct&x-i*z. 
[0024] ±&<D*mi<D¥mte&ftmmz. waste 

(4. «fgB«Jl<*ibr. SfnfftJItt£S&2 8tJif*£*r 

u BtriBm i «Jif*©JtJiKmriB® 2 mmmwi&z ti 
r^-s. §6«cfiTa{c«, B?ias«^m 1 mmmx& 

9, ftJIBS&2fflJf<$*s. mrfBStl^Mi'^ -j FJHWJ*> 

^ss 1 ist^Mbsn/c^©^ 1 mmft<D±.micmm 0 

mm &*ft oxmummcmmmicmm l xmm s nx 

0, Miai&2isjn**5. iriB^i»)H*©m2^M)i 
©islets n/cm 1 mmmm*jtLxm%m 1 fan 

»©±®(cjfj)3;§*T,-ci,^ 0 Stg©±®fcjB^<;$n^S 
[0 02 5] iiB©*^©^^^^®^, W5i«: 

BtriB-&sm**5. -e-n^n^^^w^^wr?.. 

30 26 CCS? jStc « . Biff BaUtt^ (C ^F«^j*sSt A § n/tfil 

mwtit $ nr te 0 . ffiiBit^3Nft£tf£ i£3 tir u » 
S. ASt^JSfjltCtt. BiriBffllgf** 1 'J f ^t^OPX 

[ 0 0 2 6 ] g/c. ±!B©@lftS:j£fiX-r&/cS!>. 3^#60J 
©^3S(*^^a©KiS*ffi«. S«tcjffig©Sl>(cS 

m-*mt %*mtmMkm&wm>mx- * 0 r . s« 

40 ±tc. xf^*>- + jU^g^Ccfc<3. iJ>!&:< <tfcmi» 
1 ^ 5 9 FH. mi rStt/lte 2 JgHMSH 2 

■C. te©«H«©«flB»l«Ul«:%l»*f*xei. USB 
1 3^7-; FIB. m2 rSt4ilte<fc t>'»2«ll 

so b. d>tt< £4>mIiamir£tt@<tSI2rStt/l*. -en^ 
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[002 7 ] ±IB©*:»W©**f*a3iaai<C«Jfi^ffi 
«. StfLhK. it**J/t*«fi!KJ:*). 4>ft<<k 
km 1 gUSiSS 1>5» KB. 9 1 r£ttJf*5J:tfS&2 & 
H§2ffS2 d» v v KB4BB StffcB 1 WittfcJBliW 
S„ «WC. J| 1 *J»(*»56«^»JiS««©» 1 »JH#* 

«j©««©«HB»iai(**»*-rs. <«c. 
lmmmsf^v fb. m2SttBfc<fct>*i?f2jgits!! 

»4*5? KB*«B3tffc«2«B{**»JS^4. C 

ct. ii>«c<«bfcaiiffittJBi»2}SttJB*. ^-ft-en 

flgffiffllft© 2 SIBttfcgS bT , feOffittQffriBS* 
2fflH*'&lt*-r5. 

[002 8 ] ±IB©#&"y1©¥8&?6*SSE©®!j£?f£ 
(CJcfttf . ®K©±B«:iElf . 85 1 »®am 1*7-;F 

a. mi ffi&afc^y^ j£iis?iS2 *9 9 fb&sb 
s-B-fc^isatfi. miBwaBs**? kb. s&2 

SttBte <fc 0 s * 2 4*99 KB*»B 3 -If/cm 

2«Bf**flTS*J«&*Str4C&*»"C*4. 20© 

©r. *tsttB*6*ft**itt^»&a#*a««"* 

C <b tfDjfjBft* y y ^> *-^(*^^g5r^-r 2. C 
itf-Ct, CD^DVDft£^Di&g©Sft 

[0029]$fc, ±B©S«*itlSJE-f *«:«>. *»W 
«cS**a«TSlU 1 i|a»(*l63BRT-i» 2 

***** zmm#ft%&imomm33m-v*>-i x . sig 

«S!gll {-7? KB. 01ffi14IB*J«kU : ®2ai«^2 
*9 » FB*BB3-ttfcJ& 1 «B(*«r»«T4Xei. 

ft< ifc$lS!SS3i'7-; KS. fr2ffi14B*sJ:?>' 
*2B«a£4 FB*atB3-£fc£28Ultt*JB 

«* sib t, m2 ¥mfom;%¥&fimw<Dffi%2m 2 

SBttteJ: Vm 1 BSBtti . mi *«#I6**T-?I5«5« 
l^i«B*lfllBfl»&»LT. 81112^1 «B«:*5<tVfr 
KW28IBi**^*-raxSi**l/. 4>ft < £ fclftiB 
SfrirSt$B£|g2r£teB*. *ti-?-ttfflJi)E*»tt 

[0030] ±ia©*«^©¥»(*ife^a©$«^ffi 

«. S«±tc, xtfS+S' + JH&g&tCfcO. :4>ft<£ 
4>® 1 « 1*59 KB. IB 1 ?§t4ate<J:0'm 2 « 
^M^2 * 5 9 KB*IIBSt»-fcS& 1 SBtt^fiXT 

o. 4>ft< ±i>mimmsiim3 2?v kb. ^2?gtta 
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feet tfis 2 ism^m 4 * ^ v i" b zmm s 2 aa 

#*»BE-r4. CCT, 4>tt< £*>fl*ltSttB£»2Jg 
2 ^«(*#i5iaR^fiS?WS©0 2 SIBttte <fc l SIB 

mi *3»^*jR^ji!EfiHi«©m i mmftzmo 

T. mSMttfe^PBra^SlBtt*!!*^*. 
[003 1 ] ±IB©*j™©****:«3ieK«©«Jft*ffi 
tcfcfttf. *«©±Btc^fiS5S tDfcSH 1 ^®^m 1 * 5 
9 KB. m 1 TgttB*J«tiy J »2*^*2 *9 ■» KB* 

10 wmswtmi wm#<o±JBnc. zntcmtcmimnm 

ma*?? KB. *2iSttB*iJ:C«ll2W«aW4i»5 

KB*«BS«fc»2»B<**w***JS*»j**a 

C<t#-CS£„ C©«£. &2 8tfltt*¥ffi&fi (381 
«B<*©±ffi) ±KMtl>Ct«'rS.5©t, x 
e*+^i-iUtt»Sft*«gJJ4a*. 2o©t£14B©ffl 

ja*&fSB#iBT5>&cjift6ttT0j&T£©-t\ &rS 

ft* > y 2^ » *4B«*JKiaKB«r»JSSr4 c <t*i-C^ . 

k ft t'zmm? sciOTts. 

[003 2] ±BB©*ftH©^ttft3l&B©M££& 

«. J5tS{c«. fri2m2ffiB(* ; &?fJfiS;-r?.xfi©strtc l 

WEIII2**»»)6JR-T»ja«ii««:*jW4J|l 1 SB»* 

Bear sxfi{c*j^r«. mrism 2 aa^©m 1 
jh3^9 fbib*»6. BiJism i a?msf{tsn/cm 1 a 
30 B*©JbBtc«rt&ra. ^2®®**. mimmmitz 
titcm i aa«:*^ot:««<!:««s-r s«t 5 «c»bw 5 

Ci*5pJtl<bftS„ 

[003 3] ±8B©#?eSli©¥*#f6:>63£H©SliB:£& 

«. WBtcB, Btnamir£ffli<i:m2ffittB*. •en-e' 

nfflfi£tb«Sft6-B-t:^^-S. ^^^BSfjSCCW, 15 
lBmi«ttBim2ffit4BS:. 5tHCSftSIB»S7C««: 
£<0Btft?2>. *St>ttWB«:«. MgB® 1 1 
f55 KB. mirSttBte«tU : m2^«Mm2i7 7 9 K 
B©fflRSi, WriBail*«SW3f 9 9 FB. ^2rStt 
40 Bte«fcf>'m2^!m^m4 i> y 9 KBWfflfSi *Mft6-& 

«g*^- n-en^ft e> -a- * c t & *sm t u z> . 

[0034] 

[»m©**©jk»] mT. *»«©**«■*» iCf* 
^5'^B©Jlte©»ag«:ot,»-CEIM€r#JSL'r|Ji^ 

[0035] g i mmim 

-Y sj" — K L D 1 (&7lc'i&g 780nm) iDVDffl©U 
50 — W*-KLD2 (%MS6 5 0nm) * 1 ^ 9 



11 

CDiDV D<DS££ nJfiBCCT& ^ 7)\,j/t¥t' v 
[ 0 0 3 6 ] ±M(D*; Vlsv* F 1 4 

atco^riftHj-rs. mi u— tra^*- fld i <b l 

t, WiBGaAsA^&inaSSSOlK:, «*.tf 
GaAs^^^>nl^->77l3 1, fflfctfA 1 Ga 
As^ft4nS^7 9l'B3 2, r£t&13 3, 
A 1 GaAs*63tc5pI^7^ FJf 34. WitfGa 

a s freaapi+t ^B3 5#«ii/t, mis® 

4 1 ittot, VAlsiiA K3a©«8E»W«JfiittS^ 

[ 0 03 7 ]-*, J»2U-ir*-f*-KLD2&U 

nSi«3 0ilC, ((AtfGaAs*»6ftSna^ 
^rl3L teKInGaP^6^^n^^7 
®3 6, WfctfA 1 Ga I nP*»6ftSnS^7 ? FH 
3 7, fStt@3 8, «tL«A 1 Ga I nPfr&fcSpffl 
FJB3 9. mttGaAs^^^p^t ^ 
JB4 0jW»JBUT, #2WB*ST2ft*J«l/Tt>*. 
pM^t ^14 0Sl3&^pa^7-; FB3 9<Di&# 

[0 0 3 8 ] _hIBCD^ 1 U— !f FL D 1 *>£t>' 

SH2 U-tf^*- FLD2CC*J^TW, pStt^ 
IB (3 5, 40) KIfci:pmffi4 nS!S«3 0«:tt 
n«fi4 3*Jfttt0tM3htl»5 B 

[0039] ±e0>*ttra> j e-> ys^^u-try-/:*- 

Fl 4 at*, mi U-1fiM*-FLDl<!>U-1f*W 
JftS|5<*;fg2 U— !T#-f *- FLD2©U-1f*UI«»© 
lfflHa«tW^K2 0 0 um«THK©«H ( 1 0 0 MmfM 
CCR5£3ft£. #U-1f#a««B*>&«:. 7 
8 0 nm#©ifcB©l'~1f:M&L l*5<fct>*6 5 0 n m^CD 
ifcB<D U - If jfc L 2 ** S« i WiT ^otU liPJ— ©* 

r&j <««w) tcffiH£n£ 0 ±fB<z>$i§cDi^if#^ 

«36jRfi©SftS2fflfflO)U-1fy^* 

- Fr*4. 

[0 04 0] ±&<D*:S VVv Pls-W^t*- F 1 4 
att, <?iJxJ*[S2fc:^T<fc pli4 2»6, * 
a»»^ny >7l 3±«c»JiRShte«Sl 3 aCc^>#& 

01*. tt. UU- *fy>f:*--FLDl<DpM®®4 2£ 
SfiSS-ft^Kffil 3 atCttU- F 1 3 MCcfc 0. 12 1/ 
— tf£W KLD2©paSft4 2 4Sl«Sti:*«fii 
1 3 aCCtey — F 1 3 cCCcfcO, pU-lf #V 
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-F (LD1, LD2) (C&ffl<DriMWfii4 3*CW:y — 

F43atcj:o, *ft^ft«E*Hiflirr£a 

[ 0 0 4 1 ] BI3 (a) tfJblBO^y yw^U-1f# 
-/aj- — F 1 4 a*C AN^^^-t?CCjS»r*»^©« 

/a«*7S , rjsaBiT*4. pwtR©*&2 nc 

RW6ti/cgS8»2 1 aitC^^^-fflO^m^T-i 
LTC9P I N^tf- F 1 2^»JfiR3ti/c^a»f*^D * 

^i 3*jb#3*t.. *©±awc % mi*Jctcxm2 y 

y-/*-F(LDl, LD2) * 1 ^ v^iCCJSJKT* 
10 U^^^U-1fy^*-F 1 4a*sffiiE3nr^ 

*fc, »^i%iraorJS^2 2*sRW6nr*j 

0, y-F2 3CC«fc«J±IB©»l*Jj:OW2 U— !f#-f 
F <LD 1 . LD2) . IN^t- F 

[0 04 2] El 3 (b) tt±BBa>CAN'*y*-^ft3 
ft/cU-lf^*- F©U-1f36«>aS**ffiJ<tffiittt* 
r6j^6>©S8MtffiHr*S. P J N^-ftf- F 1 2OTF2 
«3Wc*»lt^o^l 3(D±SP4cmi U-if#^:* 
20 -KLD14*2l/- Wt-FLD2?S:lf ^± 
tutiir 2>\s F 1 4 aJ&iffiB3*vCt>£o P 

I N^-ft-F l 2«:*j^rtt. »i*jctcx»2 »f 
^*-f(ldi, ld 2 ) ©yrwcHtt* 3 n/cu 

(LD1, LD 2 ) <2ffi»Siffi*$Uffl*r*APC (Auto 
matic Power Control ) ftMBWT *>*l£ «fc 5 fcffiglZtl 

[0 04 3] 04 ±iE<omi \*—V94*~ FLD 
30 lte<fcCfm2U'-1fy-f*-FLD2*l *yy'±tcm 

^fcUfcU — !fy-T FLD*ffll^-C, CD^DVD 

[oo44]**tr-^7^8iiatt, *n-eti« 

U WtL«7 8 0 nm»<Djftfi©U--1f*«:Hlftf"rS* 
1 F L D 1 <b 6 5 0 nmBOftfiOU- 

1f7t^l±lS4Tam2 U^lf^^^- FLD2«rl^y^ 

40 ±(cj§js-rs^y yj/s^u-iry-f*- kld. 7 8 

0 nmSm^6 5 0nmSf(cMLtll«ili)Q: 
^yu-r^>^G, tr-AX^V vdfBS, a^- 
*C. CDWBllPlT^^tR, 
>XOL, v;b^u>XML, fcj:^, 7,*-F^^^- 
FPD^ti*<iWffi©fll[««:lBR3tiT(r»4. ^=t-F 
y-f*-FPD6Ctt, «^.«. 7 8 0 nm^CDTt^S:^: 

1-^^27* ^-ft- F3&sEl»tcW»LTa»U«:j|5RS 
3ti*Cl^ 0 

50 [0 04 5 ] ±i3»fi6<Wl6*tr y 27 v Zf&Wt l a CCfe 
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^•C, mi \s-W4*~ FLD \1PhQ>%\ 
Lilt >^G*ffiiBU t'-AX7->J^ 

L, CDfflPWfiT^^tR, ^»J^- 
^ C J: a' t' - A x 7' 'J B S ^ 1 1 , v;b^u> 
XML*j§iSU 7* FPD (^17^ 

[0 046] ±iB$$<D:*^t:' 9 *T v 1 afc*5 

Cvc. W2 \s—9*t4*- FLD 2^60^2 U-*1f5K 
L2fc, ±BB<fcHDllSI8S:ilkorit7 r -/^^D±CcSii!6 
Sti, ^CDSStofctt? * h#-/tf-FPD (S&2 7* h 

k> iic&^tv c<Dfmyt<Dmuc&*) d 

[0 04 7 ] ±IB<Wfc^t: # ? 97v?Hm\ aCC^ti 20 
tf, CD1©U- !fy-{*-FiDVDffl©U— ify-r 
F***U *iiflWK**«:J:t)*©S«*«:CD 

i|g££-fc*\ CDtDVD©S^*oIffi«:L'Cl>a. 
[0 04 8 ]^ #|36JI388te0&£fB 1 U-lf y-f * 
-KLD lidXVmZ FLD 2*1** 

CDfc«tffDVDtt<!f©3l6*ia»JJ»CC»Lr*IH 

(a) [Z % ±%E<Dl>—V*z? : 7 1 b©1»Bg18j£*^TiB 
9BHT*S. l/-f/?77lb«, Wl'^^-S^Wt* 

^gutt 3 ot <fc o tf ± s nr t, > s . 

[0049115 (b ) «±IBCDU— 1 b<D^ 

mm'T-itLXOP IN^sT-Pl 2**ffM£ft/c^2g 

9 1 3±CC, »*3RiF-il/r*l U— If^-f*- KLD 40 
l*$<fctfSI2 U-1f KLD 2*1 **7\tK:Jg 

Jfltt-S-*^ ■JS'^U-tfy-f*- K 1 4 a#BB«S*i 

[0 0 5 0 ] affiUllSStt 1 1 KB, mww 1 
y* h#-Y*-F (1 6, 1 7) *5J:CXW2 7* h^Y 
t-K (18, 1 9) ffl&SSti, C©»l*J<fciy ! W2 
7* h^-f*-F (16, 17, 18, 10)±*C.JB 

1*5J:C«B2U — #-Y*-F (LD1. LD2) £M 

3EF^ws**ji>r, 7'y^2 o#JS*S3ftrc>& 0 

[0 05 1 Uil U-tf^*~ KLD l*>6fcHMSft 50 
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/cU-1f36Lltt, 7*'JXA2 0(D#7fcffi2 0 at- g|i 
5-P)tity\s>Xrj:£*iftU'Cyt7 : 4 (CD) 

tf*^"9 1 b^6<DttiM7?r&i^e>^ , ;XA2 o 

CD»7tM2 0 afCAItTS. C©7''jXA2 0©±lt 
^*JSi>'&^6, 7^';XA2 0<DTffittj;2>mm®$% 
1 1 ±fc»lS3 titcWiZm 1 7 * K 9 A F 1 6 
*sJ:iy»»* 17^ h #4 K 1 7 S. 
[0 0 5 2 ]-*, 02 If # FLD2*>6ffl 
»StifcU-1f*L2tt. JJBiHttfc* 7 1 'JXA2 0 
CD^ffi 2 0a T-g|5J531 LTil^f *ft*iSfil L . 0 2 

(dvd) tet'owmsift&mcmmz tiz>o ±ib^ 

XA2 0CD##®2 0 aCCAItT&o CCD^U 
>CA2 0©±fflt?^*IS^&^€>, 7"'JXA2 0OT 
Mi ttS«8ISIKS« 1 1 ±Cc»JiR3 ft/clftg&ffi 2 7 * 
K#-f*-Fl 8*$<fc^aaRSI2 7* K^^^-Kl 9 

[ 0 0 5 3 ] » ^ l 3±CC»J5KSftfc 

P I N^^*-F1 2(t «*«2oCC»WSti/c«« 
*WL, »l*jJ:V»2U-1fy-/*-F (LD 1. L 

D2) ©*ft*ft(coi,>T, yrfwcctustsn/cu— tf 

3t*»0L. U- 1f*CD5SS*ffl'JSLT, U— !f*©Sft 
IS^-3EiftSJ:5«:»l*5cfeCl f »2 u-tr*-f F 
(LD1, L D 2 ) ©|gffll®Ji£**IJffl)-r A P ClMPtf 

[0 0 5 4] ±fBCDmi U-nf^-ftf-FLD lOU- 
if*ffl*fSP<h^2 U-lf^-f FLD2<DU— tf^ttl 
S*«BOIfflHltt0JiLtf 2 0 0 umWTIiacDffiH (10 0 

ffR«7 8 0 nm^CO^CDU-lf^L 1 feci: 
OT50n m^OiKSCDU-1f^:L 2 #«t2RJ— O^f^l 

[0 0 5 5 ] ±IB<^U— tf^7"5*fflc^r^tr^ #T 
!y^Ka**flEU/cD$(DW*H6*C7n-r o U -if ^7 

i b cert® $ tizm i tectum 2 u-if^^2r- K^e> 

©tUWU-lf* (L 1 . L2)*^V^-^C, %"y- 
M, CDfflBan»lMT^^i*RfeJ:^*f«5U>XOL 

JlSS*yt^-p-CU-1f^^«7CCg|0, U-1f#:7'^C[*3 
®$n^>mifectO'm2^^ K FCCcfcOS^S 
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[OO5 6]±gfl<D01 U — Jf*-f*-FLDl ±312 
U-tf^-f tf- FLD2£ 1 ^?*J^C|g$Sr&^ } J 
ls y &U-ir#<{*- F 1 4 a©^fiE*ffifcoi>TBi9J 
T&o *r. 17 (a) (C^Tcfc^CC, mtfW«£I8 
JR«xtr#*^ + il/««S (MOVPE) ttdfCDXtT* 
*S'+JWfcS6&K:J:!3, WiUCGaA s*»6ttSnS0l 
«3 0±CC, Wi«GaAs*6&inS^^7l3 

1, Wt«A 1 GaAs*>6«cSnS^77 F«3 2. 
ffiteB (»lliffifi7 8 0 nnKD^HWFM) 3 

3. WlttA 1 GaAs*6&5pffl^7? FJf 3 4, 
«i «GaAs*>6ft5pa+tiv 3 5 £NB tcSJB 

[0 0 5 7 ] 5XtC % 07(b) (C^r<t^CC v mi 
tf *- FL D 1 i ItMW^^i^l/^X F 

m-vumux, jm&<mstiR3.y*>&* y 

vWh<Ok l GaA s ffli*v*:s#tSi£<DV * v hx 
(ECDWO, »1 U— !ff -f*- FL D 
1 ««W«"OfH«r nS^7? FJf 3 2 & T<D±tB(Dfg 
Jfft£l&*r*. 

[0 05 8 ] 08(c) {CgVT <fc 5 0C % ffl&tfW 

a*Rafflib^+i/t;l/fifiS (MOVPE) tt£<D 

CC, mainGaP^ftSna^-^TlSB, 0J 
*.«A 1 Ga I nPA>6&5na^*; FH3 7, ffitt 
If («!fiifcfi6 5 0 n mCD^affi^-#Fm^) 3 8 . 01 

2. «A 1 Ga I nP^WSpfi^7 7 FH3 9, 01*. 
ttGaA s^6&SpSS*i'9^IB4 0«rJBCcaJiSH± 

[0 0 5 9 ] 2«C % 08 (d) CC^rcfc^tC, 02 U- 
1f#«r*- KLD2<bLt»r««S:^ia^©U^ h 
ItSiUT, BltM*©*+9^x^^>^ y>S?t& 
»*<D47ca!Rx^^>^ (SB»©»Ki^>ya 
£<D^* y Fx^^>y (EC 2) tCiO, 02 !f 
^*-KLD2 ««fcW<Z>«B«T nl^^ 7 |3 6 

D 1 £02 !f*-f FLD24»«rS. 
[0 0 6 0 ] ^tc, 09(e) CC^rJ:^CC, U^X h 

mc j: o Ki»a a«« <t & u t , -*m& d 

l*^*>aA&£K<fc9a»AU pS+t^BO 
5, 4 0 ) il?!)^pi^7-; FJf (34. 3 9 ) <D& 

*©»s*riB«bsnyfc««4 lijKSRu. y-r>*f 

[0 0 6 1 ] 09 (f) (CmrJ:^CC, pi* + 

•;7'1 (3 5, 4 0) teSB&TScfc^C, Ti/Pt/ 
Au^i©p^li4 2»)i3cU, nSI«3 0 

tC^r^cfc^tC, AuGe/Ni/Autti'OnSI 
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[0 0 6 2]aBtt, ^U^^XIfMlt, BRS 

rj:^aBfa©wi u-ir#-f *- fld i ±02 u- 

If^-f*- FLD2* 1 ^vVUmffit**:; Visv 
*?\s-*?*f4*-Y 1 4 a ifSCim*. 
[0 06 3] iE©***^*©*^ 'J ^> 9 * if* 

-r*-F©««*ffitcJ:n«. mi u— !fy-f*-F4 

02 u-tfy-r*- Fr, ?si4JBa<!r©ttja«:a&6# 
xmmb, iftfi©a&&u-if*ftwwr*c:<!:^tt 

io &*^»jt/^^u-ify-r*^F*jBflEr5c<!:^r* 

[0 0 6 4] g2|gflBB«B 

6*-/yj/**U— !f y-f*- FiB*T*0, CDffl 
(£>U-1f#-f*- FLD 1 dfe»S7 8 0 nm) iD 
VDffi©U-tf*-f*-FLD2 (»*Kft6 5 0n 
m) % 1 *?:/±K:J®ttU CD<bDVD<E>S££0jfifc 
tcTSa^^Wfc^fc?* *^B£«tJXr£© 
«c^a^NW*»ia6K-C*S. *©WHHia*iai 0«c 

20 77^T D 

[0 06 5] ±8B<Z> J E:> r >;^* ^ U-tfif-f *- F 1 4 

b teoo>T»gjr s. 0 1 u— ?f y-f *- f l d i <t u 

T\ Wi«G a A s ^6 Jtc ^> n Slfi 3 0 ±0C S 0«&tf 
GaAs^6^^nM^'>77l3 1 , 0S;U*A 1 Ga 
As«Sna^7-; FJ13 2, SttJi3 3, 0a*tf 
A 1 Ga A s^6&5.p1^7 ? FJf 3 4 , WHGa 

As^^^pi^t^i35^iit k mimm 

pS^7? FH3 4©jfeif©8ESSr y * ^tt (iMR) 

30 ccttxsnr*o, y^>#-f Ffflo««»sw«jiitt 

•fe - 2> s > # -f 7Y<c ^ Srf^»r 5 c «b fcSa pJf&T * 

[0 0 6 6 ]-*, 02 U-*F#4*~ FLD2 <b L 

naif3 0±(C, fli^Ga A s*6ftinl^ 
iy^r^3 1, tfiRfcH nGaP^e»^l)n^.;77 
J13 6, mitt A 1 G a 1 n PfrhUhn^LZ? v F@ 

3 7, ffit4H3 8, ««]x.tfA 1 Ga I nP^ttSpS 
40 ^77 FJI3 9. WtfGaA s^^P^t^' 

®4 0^aBOr, »28HB#ST2«r»RSl/T^S. 
pi^t v^'J14 0gI*e>pS^7 •> FH 3 9<Dj&*P 

FS!©«fifc»3S«Jti&S^ byJy'*JtmLX\,> 
S„ 01 !fy-f*- FLD 1 ileHiic. y^S^KS 

7 ^;i/Hz - ^> 3 > $ >f ^ ^€:^»r & C <t ^SB^C aj 

[0 0 6 7 ] ±ffiCO0 1 V*t4*~ FLD 

50 1*5^^*02 U— ^-r^-KLD2^ai/t, Btffc 
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41,0,^ pffi***:/B (3 5. 4 0 ) *3Sttl3tf&«fc 

^c^^npan^nr^o, 3e>«:pss*+ 

(3 5, 4 0) (Uipli4 2^, nlli3 0iain 

i^flKBcctt or s A^ntc. *fi«4 4 i^ru 

[0 06 8 ] ±iB©«3t©*> > 'Ji^^U— !f#-f*- 
K14b«c*Jlr»r. «U-^Wttt&*>6. «*.«7 8 10 
0 n m&<D'&&<Dl'-' WfcL 1 4ocfct>'6 5 0 n mffOtt 

-K14btt. CD^DVD&4*©iRfi©S&S*'f r -/ 

k* i * ^ ^iccstsrs*^ y*>? * 9 #4 

[0 06 9 ] ±iB£>-=e^ ys/y «ry-f K 1 4 
bcDJB«Ej(5rS6(coiirBiwrs, *"S\ 13 1 1 (a) *c 20 
mia»K»c*^r* H8 (d) 

[0 07 0 ] ill (b ) CC^-TJ: 5 fc:, if&ffJH 
ttif«CctOW»aEA««ifta«»ft«KOr. i?f 
>^iEC3«fl\ KHOWIWJWIIJt 

(3 5. 4 0) ©*B*>6pS!2^? FJ1 (3 4. 3 

9) flWfi*©»s*"cy^^tt (OR) rcinx-ra. 

[0 07 1 ] JKtC, 112 ( c ) ICm? <fc 5 cc, MA a 
CVD (Chenical Vapor Deposition ) ffiCCcfcO^fflCC 30 

BWk^ya>*«BI3*. P^t^I(35, 4 
0) &«ms-eSJ:5K:3>*^hBBP"r4. 
[007 2] Wc, 012 (d) tc^T^tc, 
t77'l (35, 4 0) CC«tfrTSJ:5K:, Ti/Pt 
/Au&£<DpSa«ffi4 2 4$JSU — nS>S«3 
0teS8Brt-*J:3K: % AuGe/N i/Autti'©nS 
lS4 3^Wt^c 

[007 3]BBtt, ^U^XX*l£igr, BlOtt: 
*T«fc5&WB©Wl U-lfiM*- KLD 1 iS2 U 
-1f^^t-KLD2^1^^7•±(cS$ST^• : e^ , ;^' 40 
**U-tf#*f*- K 1 4 bitSCt^r**. 

[0 0 7 4] ±IB<D#||^]B©*:>' V*sv# Is-*?* 

[0 07 5 ] gS3 3Bfc»« 

S*-/y*,„£u— tf#-f*- K±fil»T*?K CDffi 
©U-W^-h'LDl «ttS7 8 0 nm) iD 
VDffl©U-1fy-Y*-FLD2 (««I6 5 0n 50 
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m) *1 ^v^UifCfcUU CDiDVDCDH^^pIfig 

Cc»aa***»IHRBr*ft. *©WfWHS:Hl 3CC 

[0 0 7 6 ] XIBO^y^y * lx-1fy-f*- K 1 4 
cfco^rKWTS. ^1 U-lf*-/*- KLD 1 
r. «L«GaAs*6ft4n»»R3 0±tt: 1 «*« 
GaAs*64Snfi^?77i3 1 . PJfctfA 1 Ga 
A s^ftSna^ » KJH3 2, rSttB 3 3 v t&Rtf 
A 1 Ga A s9^6tt&P&^7 9 KB 3 4. ««Ga 
A s^e>ft5pl+t -;^I3 5*SftBls?. ffil fHB 
f*STl fcJBtfEUrir>S. pi+t^'13 5g»^ 
pS^7 * K*3 4©j6*0»3*r »J (i3K> 
CCjJPX^nr, MiltfGa As*6«tinai4 6a# 

i'O^iJiaiCCcfc^r, 4ls?vt>7»ii4 K^-te^^Hs 

So 

[0 0 7 7 3 —*, »2b-1f^*-FLD2<bU 
r, nS««3 0±«C, «*.aGaAs*6ttSnaS^ 
?7ri3 1, nGaPm*nfi/<^T 
S3 6, ffatf A 1 Ga I nP*>^5nl^7^ KB 
3 7, rSttB3 8, ffliLfcfA 1 Ga I nP*6«C*pffl 
9*7 v KB 3 9 % tflRWJGaA s^&^pS+t 

pi^t ^714 0S»^pi^7 ^ KB 3 9 (Difctp 

©»s*-cy »^tt (Ott) ocftjxsnr. jjaiisi* 

«CnJE»4 8a3WRJ«3tir*>iJ. ¥^HA KBWt 
8»W»aittS^h^-f^t*JSRL/ri»S. C<D«^ 
t>, Jdl U— !f*-f*-FLD 1 iB««l, y*MK3 
^«&^©WJ8P«:J:or, 4Zs7*v$7,i34 K-tHzJU 
yj^fc-te *—zs&ls£'{ ~fU if tfHBT fcSSfc W 
ffir&& 0 

[ 0 0 7 8 3 3 Pffl* + * :/B < 3 5 . 4 0) CCte 
p!S4 2^ n9SC3 0(C»nB«4 3«qSttLr 

[0 07 9 ] iBOflHiflD-t^y^v^u-lfy-/^- 
FUc 0C*$l>r, WttHB«B^6. W*.tf7 8 

0 n mf©i^U-f7tL 1 *5it>'6 5 0 n m?£<D$ 

go u - if * L 2 #S« i W r * o r « Kig— ©*ioi 
Kr*i. 

[0 0 8 0 ] ±IB(D^^y^7 ^ U— »f^-T^- K 1 4 

cmm^mc^>T®m?2>. hi 4 (a) 

M&*r©XfI«. JBlWBKJUCCtoor. H8 (d) 
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[oo8i] hi 4 ( b ) (c^Tcfc ^cc v mmm 

^1 (3 5, 4 0 ) (7)»^pS^7«; KB (3 
4, 3 9) (fltt) CCJDX-T 

[0 0 8 2 ] #cc, H15 (c) tC7fifJ:5K: % pS!^ 
5? KB (3 4, 3 9 ) (3r>jft*©«S ^t© U v *J>Wt- 
i^^>^UcBB»S:a»ii*ft^6. 0iJx.tfGaAs 
*6&*nJBJi4 8«:«!«»8*6. 

[0 0 8 3 ] #Ct> 015 ( d ) (C^Tct 5 CC % x * 
>^^EC5(C«fc9ltU*fll4 5*»*-r4. 

[0 0 8 4 ] <Wc. B16 ( e ) It^T J: 5 0C % i^f 
>^«BlECeccJ:0, pB*3* Fll (3 4. 3 9) 

fft(DSB^(DnMli4 6^*TSo 
5 SI 16 (f ) CC7nTJ:5tC, p32* 

+ 9^1 (35, 4 0) *Cj8tt*SJ:5K:, Ti/Pt 
/Au«c^C!)pfi«S4 2S**U n3!St£3 
0CCS«T4J:5CC % AuGe/Ni/AuftfOnfi 
«ffi4 3£?foi£T*. 

[0086] Wit ^U^-TXXfl^iST, B 1 3 IC 
^•*-<t^tt»fS!©»l U— »f*-f*- FLD 1 ±f&2 U 
-if #4 *- K L D 2 £ 1 * ? :7±tt:JSttr >> 'J > 
2/#U-tf F 1 4 cif-SCimS. 

[0 08 7 ] ±&<D#mWft&Q*s \s-V¥ 

m&ogte % is- v mat? s c t tmm & * > y 

[0 08 8 ]^/c 4 «BSJB«©«Jft*ffiK:*$(r»Ttt, 
014 ( b ) dCTjktxm^hs B 1 7 ( a ) ic^f <£ 5 
CC % <8»JB4 5«:X^^>y«iaccJ:f3»*U, *<D« 
CC, pI^7«>Fl (34, 3 9) <D&cp(D&£ £~C(D 

fc, nfflJ14 6*iaiRfiEfiS#, 3 610217 ( b ) tc 
SVTcfc^CC, x?*>yjHIEC7K:J:!3, pS!^? 
FB (34, 3 9) (OmcpCOmZ V v ^ttCCx v 
?>?Utcfflft*mOU&b. «!<D8|i#<Dn3SB4 6£ 

[0 08 9 ] aUjBRBBtt 

-Yat"— F L D 1 (S«fi7 8 0nm) iDVDffl©!/ 
-W*-KLD2 (^«I6 5 0nra) * \ * v 
sOifcgttu CD<bDVD©H^«:Plfifi«:"r2>=2>-'^ 

[0 09 0] llWtS Visv 2 ls-1f#<{*- F 1 4 
dlCo^TttlBT*. fgl U-lfy-Y*- FLD 1 t L 
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t, mtfGaAs^MnSlSSOJijC, «*.fc£ 
GaAs^6^^nfA'^ 7 i3 K Wi^A 1 Ga 
Asa>6ft&nM*5'> FB3 2, r£ttB3 3. WLtf 
A 1 GaAs^6«cSpS^7^ FB 3 4 . Pi^BGa 
A s^6rSpS*+ -y^B3 5^IIbt, ffUffiB 
ftSTl ftjlSJSSbTHa. pa*+7^i3 5*ffi*6 
pI^7^ FB3 4(DiS*0agS*r»ftl»<b3nfc««i 
4 l ifer>r % *W FB©Siffi^«M<tfr£;* 

10 [0 09 1 ] — 812 U-tfif-Y*- FLD2fi8«tC 
te^T, nSffifiSOitc, »ll/-W*-FLD 
1 ±#m<DnM'<v 7 7 13 1 % nS^5 FB32, 
r£ttB3 3. pI^7vF134, pg*+^ffl3 5 
*WJBLTl»S^ C©pS+t^I3 5©gI*6 
nM^7'^ FB 3 2 CDjS*©^ $ £ T <D«W8#^ 'J3> 
tt^3Wttt«SnrnfiYtSh/[:««4 7d:&orW. 
±iB©nffl*fc3*lfcffl«4 7©±BCC, I nGa 

P^e^^nM^'^^rJ14 8, {KRtfA 1 Ga I n P 
^&Sn^77 FB4 9, rSttB5 0, m«A 1 

20 Ga I n P^6ftSpfi^7 * FB5 1 . mttGaA 
S3Jpe>&^pa+t^i5 2«lbt, ff!21RBtt 
ST2S:JI5JiRUTt>5. pStt^l5 2SIWp 
8^7? FB5 l©ift4>©aiS*"Ctt*WbSti/c««4 

7^&MLW5. 

[0092] 36(CpI*t^» (35, 5 2) CCtt 
p««4 2^ nS»«3 0CC«n«S4 3*«»3|»LT 

[0 09 3] ±lBO^CD^y tfdf-f*- 
30 F 1 4dCC*jliT, *f*HiS*SP^6, m«7 8 

0 nmScD^SCDU-^L 1 *JcfcC^6 5 0 nmW 

F?r 1 ^^^iCcSIR-rS*^ U^^^U-1f^^^- 
F"C*^ 0 

[0 09 4] ±IB© J &> r y^^ ^U-* !f^-f Fl 4 
40 d©»fiJE*ffiCcot»r«wr4. Ml 9 (a) <c 

(MOVPE) &df©itrir*^ + JUJit*ffiK:J:0, ffil 
x.HGaAs^e>&l)nllfi3 0±iC t MitttGaA 
s^^«C^nS^777l3 1 . t?iR«A 1 GaAs^ 
e>^c^>na^^^ FB3 2, f§ttB {mW<$L&7 80 n 
mC7)^mfi^#F«®) 3 3, mtf A IGaAsH 
ttSpSS^^u; FB34. «x.tfGaAs^6aSpS 

[0 09 5] Big (b) tCT^TJ: ^tc, ^2 u 
50 — if it 4*- b'JimffiWicto^T:uvzi>D2rj;£(D^ 
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iM1»«:4£1RS-fc!\ P'M** ^13 bomsfr^nm? 
"y v FJ13 2©jfe*©aiS*r©fiH««:na^t3n/cffl 

[0 09 6] <XCC, (32 0 (c) K:*fiTJ:5«:, Mi^ 
W«*)R»*B^t"**^i-^fift (MOVPE) fti* 
(Dxb'^ + ^ + JUfiXgffi^ctO, pS+t^7'13 5*J 
cfcO'nS{t$n/c«l«i4 7±CC. 0iR«l nGaP#»6 
&5nIA-^7l48, tfiRtfA 1 Ga I nPWft 
inSa*^? KJB4 9, ffiffif (»IB«fi6 5 0 nin© 

5 0, t&R«A 1 Ga I nP^6«c 10 
5pfi^7?Ki5K «i(*GaAsHft5pI ! t 1 
+ -^15 2£JlCt8?l£tf&o 

[0 09 7 ] *«C, H2 0 (d ) CC7ST<fc5«:, 

y (EC 8) CCcfcO, » 1 FJBttflMKC 

*n«di-©ap»cDjbiB©8w#*i»*o, mi 

U-1f^*- FLD 1 i®2 FLD 2 20 

[0 09 8 ]<XIC, B2 1 (e)CC^Tcfc^CC. U^* 

(3 5. 5 2) SI^6>pS^7^ FJB (3 4. 5 1) 

>xj Fia©«a»3g«iJSi&s^ F^^^i-ra. 

[0 0 9 9] 02 1 ( f ) CCtST * 5 CC, pS^ 

^^1 (35, 5 2) CC««f 4J:^CC, Ti/Pt 
/Autt£©pS»ffi4 2€rBlSU — nll«3 30 
OCC^-T^cfc^CC, AuGe/Ni/Auft^OnS 
S«S4 3£J&af£o 

[oioo] mats # -f zumzmr , m 1 8 

»r<t 5 <C»fSI<D» 1 !Py-f*- FLD 1 iI2 U 
-If *- KLD2tlf» ?±K«trr -/ y > 

[oion ±.&<D*mffim<D* ; vi/?*\s-*r# 

4*- F©»jg*ffi«:J:tiK, ff 1 JOBB«<tHI««:, 
«*©att 4 u -if#*ttHHT zct ifinim^ j y ^> 

SS2 U-tf*-/*- FittSSWWSr^Ffflttffi (p§2* 
+ -;^|3 5*$J:VnS{b3n/c««4 7) ±0C^f 

[oio2] ssnta^as 

-FLDl (8*«g780nm) £DVD/B<DU-1f 
*-f*-FLD2 (Jfe^tiffifie 5 0 nm) « 1 * :?± 
CCiStSU CDtDVDW^iW^3>;S^y 50 
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[0103] ±fB<D^y 'J £ F 1 4 

e tto^TSMrr S. m 1 U-lf t-FLDliO 
mtfGaAs*6&SnSa»«3 0±«:, Witf 
GaAs*6ftSnS^.;77i3 1 . ffll*.«A 1 Ga 
As»6ft5nl>7? FJi3 2, ffiteJI 3 3. WAtt 
A 1 GaAs^6^^pS^7 » FJB3 4, tt*.t2Ga 
A s*6tt4pfi+t ^13 5*i»BLt, IK 1 8MB 
#ST1«I5J*LTI»*. p3S*+*:7JB3 5*ffi*6 
pS^7? FJI 3 4 (D&tpom £ * r*6»^ 1 3 n/cUf HE 

4 i i&oT, >?4isi34 mvnwLimffimttezz 

[0 104] Iff 2 U-lf y-T*- FLD2««(C 

fc^Tfc. nM®«3 0±K, ^1 U-tf y-T*- FL 
D 1 i*tji<DnM^^^rB3 1 % nI^7 7FI3 
2. r£t£JB33, pS^7f FB34, pi^t^i 
3 5jWWBI/C*5D. £<E>iC^<9±Jf CC, m«GaA 
s^fc&SnSS^^TJBS 3, P8*#l nGaP*,6 
^^ni^7 7 7l4 8, Wx.«A 1 Ga I n Prfp^fr 
^nS^77 F14 9, ffittJIS 0, «*tf A 1 Ga I 
nPW^!>pM^7^ FJB 5 1, 0U«GaA srt>6 
^pWt^7l5 2#8U1LT, »2SlftST2 

t*jati/rc»a. p^t^'ii5 2»e)Pi^7 

9 FJB5 l©a*©SS*r|6»tSnte««4 1 itt 

[0 1 0 5] SfcCCpS+f-^JB (3 5. 5 2)6C« 
pSf4 2*s. naifi3 0(C{inS14 3^ 
nMA 7 7 7l5 3ranSlfi5 4 #&it&LTJfc/&£ 

[0106] ±fS£>«i£<D*y y f 
F14eCCteliT % *U-1f*ttl8*fiB^6, fftl*«7 8 
0 nm^CDj^fiOU-lfftL l 6 5 0 n mfiSG>« 

-FUelt C D*D V Dft <!f©i8fi©S& S*f 
«36»fi©S3tcS2afflC[>U-1fy>r*- 

f* i ^^^±ccffi«frs*-/ y ^ u-if^-r*- 

[0107] ilBCD^^y ^U-1f^^*- F 1 4 
e©MM(CO(,^WT^ 0 ST, S23 (a) tC 

(MOVPE) fti-oxtr^+^i-^S^cJ:?), W\ 
MGaA s^6&^nSIfi3 0±iC, m«GaA 
s^6^^n^^7 7l3 1 . ffilAWA 1 GaAs^ 
e)ttSni^7 3P FJB 3 2 . fgttJl («ISSffiS7 8 0 n 
mCD^mS^Fti^) 3 3, 0J2.WA 1 GaA 
Jtf^pfi^y FH 3 4. Wi^GaA sfrhUZ>P%l 
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yfma 5&JB«:ffl®3-{*-*c 2 etc. ffi|*.H3r« 
#JK«*Bxtr***> + ;UfiSfiiE (MOVPE) tt£<Dx 

WiBGaAs^ft5nfi^!!i77l5 3, 0fl*tf I 
nGaPHftSnfi^77B48. WfctfA 1 Ga 
I n P*»e>*5nffi!*5? FJR4 9, rSttJg («}g«S 
6 5 0 n mO^ffiS^ #F«BB) 5 0 , 0«*.«A 1 G a 
I n P^e>&5pS^7f FJB6 1 , W^GaAs^ 

[ 0 1 0 8 ] Jfcfc, 0 2 3 ( b ) (C^-Td: 5 CC 4 SSIS^ 10 

* (EC 9) CCcfcO, #1 U— F«M«C 

tet,>Tte:. pS*t?^i3 5aT%, sr2u— »r#-f 

FLD 1 £02 U-lf*-/*- KLD2 
[0109] 1324 (c ) CCmTcfc^CC, \sV>7, 

D4£^*>£Att£CC«fc93*AU pS^+^i 
(3 5, 5 2)SI*>6pi^5yFl(34, 5 1) 

[0110] 024 (d ) KiTiVrcfcStc, v%L* 
t^7l(35, 5 2) «fc 5«C, Ti/Pt 

/Au&i'©pSli4 2e^U — nfS1S3 
OWO'nS^? 7t15 3lcmm&Z>£')fc. AuG 
e/N i /Au^i'©nSti4 3*3<tO'nMmS5 4 
*BJ&TZ>. 30 

[0111] ^U*>f>CX«£lST> 02 2CC 

^.tsttwaosn u-tfy-f*- fld 1 tm2 1> 

* * 1^-— tf^-f F 1 4 e it^Cim^ 
[0112] ±MZ<D*9mJt}f&<D*:S V is v fiU-VV 

FOiBfiTSTffitc ititf . » 1 ^MBKJBiHiatc, 

«s©»a & u-if **mwr £ c ^ 3&spjiib«c* -/ u > 

SS2 U-«lf^*---Ki&4«)B«e*¥fflttB (pW 
t-^i35) J-lcJBflET * C <t#pJflTC* 0 . Sgfc 40 

[0 113] (JLL *»M4 5JB»©S8»»88Ccj:0ltt 

ix-if^*- FKiiRjEsnr, fBey-Y*-F 

(LED) ^m^hC tk*V$frC%>Z> 9 */c. ffllteJ; 
C«K2 U— !fy-r*- FOiWtiftfttt, 7 8 0nmfi 
6 5 0 nm^tC|R5ESft£fc©rte&< . ^£>{fc<E*ir 
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fflT5C<tfci5ffiras. Jja®JOB»»-CH:C 
m«f£ i Vs-WJ*- Y*m i ^SB&ffi 

^-r^jesisctfcpisBrfcs. s^tc, ^4, s 

- Fi»2 !fif-f F-CJJIJ©* F^-T ^»JS*i 
[0 114] 

±tc ^<itnsis^7^ f» % gffisfccty 

m2mmm^^y FB«r»BS#/cxtf^*^^;UJSfi 

j»r * s * ^ y ^> v $ jBB^s«*«JiW- ^ c £ 

[0 1 1 5] *»W^«*»3(aS«<3M»**tt 

c £ j^pittft u - if ^ * - f ft zz&m? zct&v 
[igffiofflwjrattBj] 

[Ei ] HiwaiiaeBSRtcasu-ify^^-F© 

[02] H2K*1 jUSJf^tC^SU-lf^^^-FtZ) 

[0 3] 0 3 (a) «m 1 9Gtt^HK«C0R& L — If^-Y* 

tBH-Cfc 9, 03 (b) «-5-<DBSB :s FffiElT > *4. 
[04] B4tt, H3©CAN^-^-^tSn/cU- 

[0 5] 05 (a) US!! ISSfe^JSCC^S U-lf 
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B5 (b) tt*©B»«taiar*s. 

[07] H7»J|llJIIW««c«au--1fy-f*--F© 
«je*ffi<DKJSXg«:7Sr»ffflHr * 0 . ( a ) ttffU 
U— !f*-fa|-- KittSSWftflMgjftia*^ (b) 
tt*l U-1f*-f*- K«««r«UT±te9IIB#*3if 

[0 8] H8ttH7©»*(DXS«:7SL, (c) ttSI2 
U— Kitt*Wi#0»«tlM*-C, (d) 
tt!fS2 I/— "fy-f F««*»LT±K»Hfl^*? 

^>^*-rsxs*r*5vr. 

[0 9] m9tem8<Dffi$<Dxmz^b. <e) 

[01 0] 01 O«*2»t0B«KC«SU— tf^-f*- 

[B111B1 1B»2WBB1IWC«51/-W*- 20 
K©KJS^ffiCDKJSX?I*^KMISir* 0 > ( a ) tt 
SB2 u-tf jr-f *- F««4»0iCX5r^>y|»4"f S 

xn* r . ( b ) ttszv * imasm 

flExe*r*^r. 

[01 2] 01 2M1 1 ©!**<Z>xa£7nU (c) 

[013 101 3W»3WBI5IMcff4U— 994*- 
KOKrffi0T*>S o 

[0 1 4 ] 01 4tt*3«tBPBWl«*U— 99 A*- 30 
K©»S^ffi©»5SXgS:^riKlHBI"C* «Q , ( a ) tt 
Iff 2 U— If *- K«««r»lti 9 f>?»itS 

n*t, (b > u * vwk<m 

[Hi 5 1 HI 5ttHl 4CD*&#<2X?1£^U (c) 
tt'J ?rS>ttCCX5f^>yLrfc»»<OGaA s *Ccfc5S«> 
i&*XH*T. (d) tt^IS©l&*xagr£^Tr 0 

[01 6] 01 6«H1 5 0JK#<DXg%7nU* (e) 
tt'J 5rt?«CCX9?->yi/fcaJ»*»t/t:GaA sftl» 
£"r*Xg*r, ( f ) ttnffi*J:tfpa!«*©JBfiSX 40 

[017 101 7&&3&Blffi*lc%&l'-'99A*- 

vowtn^otmxmomoxmiTfi u ( a ) » y 

9 S^tttfC i^>yi fc»»© G a A s CC <fc <E> 

iissr, (b) »yr^i7f>yi//cS»«:S 

Lt Ga A s «rtt*t SI8*t!6*f . 
[018)01 8ttW4JIJBBJ««:«4U— 994*- 

[01 9] 01 9tt»4SaBe»CC«^U-1fy-Y*- 
K^WWJffiOWixaftTS-rKfflH-C* 0 , (a) tt 50 
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mi u--!f y-r*- f/bopss** vz?m<Dfci&xm& 
r, (b) ^2U-W^- F*flE««*nsa^t-r 
axgsrfcjn-r. 

[02 0] 02 Ott0 1 9<D*fc*©I8*>nU ( c ) 
(d) \s--994*- F*J<fcWR2 If 

[02 1 ] 02 lttB2 0<D*fi*<DXIl&7nU (e) 

tt«aaw«ijs ± & a * f * -/ ^©»«eis * r , 
( f ) i4niate«fco e Pia«««>»jftxa*'rs:^r. 

[02 2] H2 2»W5SOBK»«:«au-1fy-r*- 
F<DWrffi0-c&£o 

[02 3] B2 3B»5jaBB»«C»4U--1fy-Y*-- 
K©«Bfi>l?ffiO*BBXg*^'rWrffiB'r* 0 • ( a ) tt 
Jg2 Fm<DpM*+v7m<DBl$JM* 
■C, (b) tttVl F*-f*~ F*Jcfctf»2 U— *f# 

[02 4] B2 4ttB2 3<Djft*©Xa 3 fc5*U (c) 
ttSiffi^«it£ft*X F 5 4 y'<DmfS£Ln*-C. 
(d) ttnM^J:^pS!*«S^>^Xfl*"C*^*ro 
[H 2 5 ] 02 5 ttffl 1 *£*Wec«4#5&K v t7T v 

[0 2 6 3 02 6tt®2S£*W|^S^f^t57r v ^ 
3£gcD*»J*0~C&£o 
[02 7] H2 7tt»l«a£W*ct»»2fiefe««C45l» 

rjBi^n&u-if^*-- FCDRfflBt?*^. 

[02 8] H2 8tt»*SR : 3F-«:a«E=ff , «"*U--1f^* 
- F®ft*W©KffiB^&£. 

la-*?f^T^^ lb U—tf*:/^ 

2»-»l^^^-^»*#. 3-J*2^9*-2>W* 1 
l"-flSM5lRa& 1Z-PIN^*-K» 13-* 
zgft^a*^ Ha, 14b, 14c. 14d, 14 
e ...^y i;j/**U--!f*-f*- F\ LD1-S1U- 
1f^-r*-F. LD2-8T2 U-lfy-f*- F\ 16- 

lUSBSfri?* f#4*-f\ i 7-»wsn f^-y 

*-F\ 1 H^-f*-F, 19-«» 

S27*h^*-K, 2 0-7*'JXA, 2 0a-M 
ffi % 2 1-S^ 2 1 a-»8», 2 2-S^ 2 3, 
13b, 13c, 43a-y-F\ BS-k-AX7*'J 

•f, ML-^UVX, PD-7* hy-f*-F, E 

OL-*MUU>X D-^-f^^^, Ll-»ll/-f 
*, L2-*2U-1f** 3 0-nIIS, 3 1.3 
6. 48. 5 3-nI^';7ri, 3 2. 3 7, 4 9- 
nSa^^^FJi, 3 3, 3 8. 5 0-iSttl, 34. 3 
9, 5 1-pI^7 7i*I, 3 5, 4 0. 5 2-pi* 
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+ v?m. 4 1 -mffiitm®* 4 2-p3S«ffi. 4 3, *nil, 4 7-nHk»l ST!, ST2 
5 4-n3S«BL 4 4, 4 5-JlMMSL 4 6. 4 6 a-* 
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